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(54) Duobinary optical transmission 



(57) A duobinary optical transmission apparatus is 
disclosed using a duobinary optical transmission tech- 
nique. The apparatus has increased immunity against 
dispersion and nonlinearity in high-speed long-distance 
wavelength division multiplexing (WDM) transmission of 
an optical signal, without using an electrical low-pass 
filter. The duobinary optical transmission apparatus in- 



cludes a light source outputting an optical carrier; an 
NRZ optical signal generating section receiving an NRZ 
electrical signal, modulating the optical carrier into an 
NRZ optical signal according to the NRZ electrical sig- 
nal, and outputting the NRZ optical signal, and a duob- 
inary optical signal generating section receiving the 
NRZ electrical signal and modulating the NRZ optical 
signal into a duobinary optical signal. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a duobinary 
optical transmission apparatus using a duobinary opti- 
cal transmission technique. 

2. Description of the Related Art 

[0002] In general, a conventional DWTDM (Dense 
Wavelength Division Multiplexing) optical transmission 
system provides excellent communication efficiency be- 
cause it can transmit an optical signal having multiple 
channels with different wavelengths through a single op- 
tical fiber. Such DWDM systems can transmit the optical 
signal regardless of transmission speed. For these rea- 
sons, the DWDM systems are widely used in ultra-high 
speed internet networks as the data traffic in such inter- 
net networks is increasing. 

[0003] It is also noted that some conventional sys- 
tems using DWDM technology can transmit more than 
a hundred channels through a single optical fiber. Re- 
search is also being actively conducted to develop a 
system which can transmit more than two hundred 
channels of 40 Gbps through a single optical fiber simul- 
taneously which would result in a transmission speed of 
more than 10 Tbps. 

[0004] However, the enlargement of transmission ca- 
pacity is restricted due to severe interference and dis- 
tortion between channels if the channel distance is less 
than 50GHz when a light intensity is modulated using a 
conventional no n- return -to -zero (NRZ) method, which is 
due to a rapid increase of data traffic and a request for 
high-speed transmission of data of more than 40 Gbps. 
Transmission distance is restricted in high-speed trans- 
mission of more than 10 Gbps since a direct current 
(DC) frequency component of a conventional binary 
NRZ transmission signal and a high frequency compo- 
nent spread during modulation cause non-linearity and 
dispersion when the binary NRZ transmission signal 
propagates in an optical fiber medium. 
[0005] Developments In optical duobinary technology 
has been highlighted as an optical transmission tech- 
nology capable of overcoming the transmission dis- 
tance restriction due to chromatic dispersion. In this re- 
gard, duobinary transmission reduces the transmission 
spectrum as compared to the general binary transmis- 
sion discussed above. In a dispersion restriction sys- 
tem, a transmission distance is in inverse proportion to 
the square of the transmission spectrum bandwidth. 
This means that, when the transmission spectrum is re- 
duced by 1/2, the transmission distance increases four 
times. Since the carrier frequency is suppressed in a du- 
obinary transmission spectrum, it is possible to relax the 
restriction of an optical power output caused by Brillouin 



scattering excited in the optical fiber. 
[0006] FIG. 1 illustrates an example of a structure of 
a conventional duobinary optical transmission appara- 
tus, and FIGs. 2A to 2C are eye diagrams of an output 
5 signal at nodes A, 8, and C in FIG. 1 . 

[0007] Referring to FIG. 1 , the conventional duobinary 
optical transmission apparatus includes a pulse pattern 
generator (PPG) 10, a precoder 20\ low pass filters 30 
and 31 , modulator driving amplifiers 40 and 41 , a laser 
W light source 50 : and a Mach-Zehnder interference type 
light intensity modulator 60. The pulse pattern generator 
10 generates a 2-level electrical pulse signal. The pre- 
coder 20 encodes the 2-level NRZ electrical signal. The 
low pass filters 30 and 31 change the 2-level NRZ elec- 
15 trical signals to 3-level electrical signals and reduce the 
bandwidth of the signals. The modulator driving ampli- 
fiers 40 and 41 amplify the 3-level electrical signals to 
output optical modulator driving signals. The laser light 
source 50 outputs a carrier. 
20 [0008] As discussed above, the 2-level pulse signal 
generated in the pulse pattern generator 10 is encoded 
in the precoder 20, and FIG. 2 shows an eye diagram 
of the 2-level pulse signal at the node A. The 2-level 
binary signals output from the precoder 20 arc input to 
25 the low pass filters 30 and 31 . Each of the low pass filters 
30 and 31 have a bandwidth corresponding to about 1/4 
of the clock frequency of the 2-level binary signals. This 
excessive restriction to the bandwidth causes interfer- 
ence between codes, which thus changes the 2-level 
30 binary signal to a3-level duobinary signal. An output eye 
diagram of the signal at node B is shown in FIG. 2B. The 
3-level duobinary signals are amplified in the modulator 
driving amplifiers 40 and 41 and are then utilized as sig- 
nals for driving the Mach-Zehnder interference type light 
35 intensity modulator 60. The phase and light intensity of 
the carrieroutput from the laser light source 50 are mod- 
ulated by the driving signal of the Mach-Zehnder inter- 
ference type light intensity modulator 60, so that the 
modulator 60 outputs a 2-level optical duobinary signal 
40 modulated from the carrier_FIG. 2C shows an eye dia- 
gram at node C. In FIG. 1 , Q represents an inverter sig- 
nal of O. The signals Q and D are input to positive and 
negative electrodes of the Mach-Zehnder interference 
type light intensity modulator 60 which has a dual elec- 
45 trode structure. 

[0009] Mach-Zehnder interference type light intensity 
modulators as described above can he classified into 
two types having a Z-cut structure and an X-cut struc- 
ture. In a Z-cut structured Mach-Zehnder interference 
so type light intensity modulator has dual arms, each arm 
includes an electrical low pass filter 30 or 31 and a mod- 
ulator driving amplifier 40 or 41 , which enabling a 3-levcl 
electric signal to bo applied to each arm. Although not 
shown, in an X-cut structured Mach-Zehnder interfer- 
55 ence type light intensity modulator has a single arm. The 
single arm includes an electrical low pass filter and a 
modulator driving amplifier, so that a 3-level electric sig- 
nal can be applied to the single arm. 
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[001 0] However, in the conventional duobinary optical 
transmission apparatuses as described above, the 
3-level electric signal is generated by the low pass filter. 
Therefore, any difference in characteristics of output op- 
tical signals caused by lengths of a pseudo random bit 5 
sequence (PR3S) andthe reliance of transmission qual- 
ity on the filtering characteristic of the low pass filters 
may pose a critical problem in a system, in general, the 
slope of a signal that is converted from level 0 into level 
1 is different from the slope of a signal that is converted w 
from level 1 into level 0. In the case of a duobinary optical 
transmitter using the electrical low pass filter, transitions 
from level 0 to level 1 and from level 1 to level 0 occur 
in a state where parts of the signal having different 
slopes overlap. This causes the jitter of an output wave- ?5 
form to increase in the conventional structures of either 
the Z-cut type or the X-cut type Mach-Zehnder interfer- 
ence type light intensity modulators. 
[0011] This reliance of the signal pattern imposes re- 
strictions on real optical transmission. For example, 20 
FIGs. 3A to 3C show eye diagrams of optical signals 
transmitted through a single mode optical fiber by a con- 
ventional duobinary optical transmitter. The eye dia- 
grams show relatively clean appearances when the 
transmission distance has a value between zero km 25 
(see FIG. 3A) and 1 60 km (see FIG. 3B), and show se- 
verely distorted appearances when the transmission 
distance exceeds 240 km. As the transmission distance 
increases, the dispersion characteristic of an optical fib- 
er deteriorates. When the optical transmission appara- 30 
tus includes a Bessel-Thomson type filter (which is rel- 
atively expensive) as the low pass filter, the entire optical 
transmission apparatus may lose price competitive- 
ness. 

[0012] Accordingly, there is a need in the art for im- 35 
proved duobinary optical transmission systems. 

SUMMARY OF THE INVENTION 

[0013] One aspect of the present invention is to solve *o 
the above-mentioned problems occurring in the prior art. 
[0014] Another aspect of the present invention is to 
provide a duobinary optical transmission apparatus us- 
ing a duobinary optical transmission technique, which is 
not affected by the transmission characteristic of pseu- 45 
do random bit sequences (PRBS). 
[0015] Another aspect of the present invention is to 
provide a duobinary optical transmission apparatus 
which has increased immunity against dispersion and 
non-linearity in high-speed iong-distance wavelength di- so 
vision multiplexing (WDM) transmission of an optical 
signal, without using an electrical low-pass filter. 
[0016] One embodiment of the present invention is di- 
rected to a duobinary optical transmission apparatus in- 
cluding a light source outputting an optical carrier; an 55 
NRZ optical signal generating section receiving an NRZ 
electrical signal., modulating the optical carrier into an 
NRZ optical signal according to the NRZ electrical sig- 



nal and outputting the NRZ optical signal; and a duob- 
inary optical signal generating section receiving the 
NRZ electrical signal and modulating the NRZ optical 
signal into a duobinary optical signal. 
[0017] Preferably the NRZ optical signal generating 
section includes a pair of first modulator driving amplifi- 
ers amplifying and outputting the NRZ electrical signal; 
and a light intensity modulator modulating an intensity 
of the optical carrieraccording to driving signals inputted 
from the first modulator driving amplifiers. 
[0018] More preferably, the duobinary optical signal 
generating section includes a precoder encoding the 
NRZ electrical signal inputted to the precoder; a pair of 
second modulator driving amplifiers amplifying and out- 
putting the encoded signal; and a light phase modulator 
modulating a phase of the NRZ optical signal according 
to driving signals inputted from the second modulator 
driving amplifiers. 

[0019] Another embodiment of the present invention 
is directed to a method for outputting a duobinary optical 
signal. The method includes the steps of outputting an 
optical carrier signal, receiving an NRZ electrical signal, 
modulating the optical carrier into an NRZ optical signal 
according to the NRZ electrical signal, and modulating, 
via a modulator, the NRZ optical signal into a duobinary 
optical signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020J The above and other objects, features and ad- 
vantages of the present invention will be more apparent 
from the following detailed description taken in conjunc- 
tion with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing the structure of 
a conventional duobinary optical transmission ap- 
paratus; 

FIGs. 2A to 2C are eye diagrams of an output signal 
at nodes A, B, and C in FIG. 1 ; 
FIGs. 3A to 3C are eye diagrams of optical signals 
transmitted through a single mode optical fiber by a 
conventional duobinary optical transmitter; 
FIG. 4 is a block diagram showing a duobinary op- 
tical transmission apparatus according to an em- 
bodiment of the present invention; 
FIGs. 5A and 5B are eye diagrams of output signals 
through nodes O and P of FIG. 4; 
FIGs. 6A to 6C are eye diagrams of an optical signal 
transmitted through a single mode optical fiber by a 
duobinary optical transmission apparatus accord- 
ing one embodiment of the present invention; and 
FIG. 7 is a graph showing comparison between re- 
ceiver sensitivities with respect to transmission dis- 
tance in a duobinary optical transmission apparatus 
according to aspects of present invention and a 
conventional duobinary optical transmission appa- 
ratus 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] Hereinafter, preferred embodiments of the 
present invention wilt be described with reference to the 
accompanying drawings. For the purposes of clarity and 
simplicity, a detailed description of known functions and 
configurations incorporated herein will be omitted as it 
may obscure the subject matter of the present invention. 
[0022] FIG. 4 is a block diagram showing a duobinary 
optical transmission apparatus according to an embod- 
iment of the present invention. White Fig. 4 shows a dual 
armed Z-cut Mach-Zehnder interference type light inten- 
sity modulator 230, it should be understood that a duo- 
binary optical transmission apparatus according to as- 
pects of the present invention may employ a single 
armed X-cut Mach-Zehnder interference type light in- 
tensity modulator. Further, it should be appreciated by 
one of ordinary skill in the art that each Mach-Zehnder 
interference type light intensity modulator can modulate 
not only the intensity but also the phase of light, although 
the description of the present invention will be given 
based on that each section of the apparatus has a light 
intensity modulator or light phase modulator, for facili- 
tating the understanding of the function of the modulator. 
[0023] As shown in FIG. 4, the duobinary optical 
transmission apparatus includes a light source 50 that 
outputs an optical carrier; an NRZ optical signal gener- 
ating section 100 that receives an NRZ electrical signal. 
The generating section 100 modulates the optical carri- 
er into an NRZ optical signal according to the NRZ elec- 
trical signal and outputs the NRZ optical signal, and the 
apparatus also includes a duobinary optical signal gen- 
erating section 200 that receives the precoded NRZ 
electrical signal and modulating the NRZ optical signal 
to form a duobinary optical signal. 
[0024] The NRZ optical signal generating section 1 00 
includes a pair of first modulator driving amplifiers 110 
and 111 that amplify and output the NRZ electrical sig- 
nal, and a Mach-Zehnder interference type light inten- 
sity modulator 120 that modulates the intensity of the 
optical earner according to driving signals input from the 
first modulator driving amplifiers 110 and 111. 
[0025] The duobinary optical signal generating sec- 
tion 200 includes a precoder 21 0 that encodes the input 
N RZ electrical signal, a pair of second modulator driving 
amplifiers 220 and 221 that amplify and output the en- 
coded signal, and a Mach-Zehnder interference type 
light phase modulator 230 that modulates the phase of 
the NRZ optical signal according to driving signals input 
from the second modulator driving amplifiers 220 and 
221. 

[0026] In operation, referring again to FIG. 4, an NRZ 
electrical signal generated in a pulse pattern generator 
(PPG) (not shown) is amplified by the first modulator 
driving amplifiers 1 1 0 and 1 1 1 and output as driving sig- 
nals for the modulator 120. According to the modulator 
driving signals input to modulation terminals RF of the 



light intensity modulator 120, the light intensity modula- 
tor 120 modulates the light intensity of the carrier output 
from the laser light source 50 and outputs the modulated 
signal to node O. FIG. 5A is an eye diagram at node O 

5 of FIG. 4, and shows that a general NRZ optical signal 
is generated by and output from the light intensity mod- 
ulator 1 20. This NRZ optical signal is input to the Mach- 
Zehnder interference type light phase modulator 230 in 
the duobinary optical signal generating section 200. 

10 [0027] The NRZ electrical signal generated by the 
pulse pattern generator is also encoded by the precoder 
210 in the duobinary optical signal generating section 
200, which enables duobinary transmission without any 
change in a receiver. The encoded binary signal is am- 
is plified by the second modulator driving amplifiers 220 
and 221 and is input to modulation terminals RF of the 
Mach-Zehnder interference type light phase modulator 
230. According to the modulator driving signals, the 
Mach-Zehnder interference type light phase modulator 

20 230 modulates the phase of the NRZ optical signal in- 
putted from the light intensity modulator 120 in the NRZ 
optical signal generating section 100 and outputs the 
modulated signal to node P. In this regard, at each bit of 
the signal at node '0', the light phase modulator 230 

25 shifts the phase of the optical signal from 0 to rc or from 
7i toO. Therefore, bits of 'V located at both sides of each 
bit of '0' have different phases from each other. FIG. 5B 
is an eye diagram at node P of FIG. 4, and shows that 
a duobinary optical signal is generated from the light 

30 phase modulator 230. 

[0028] This allows a duobinary optical signal to be 
generated without using an electrical low pass filter, and 
signal distortion during the conversion of the 2-level 
electrical signal to the 3-level electrical signal can be 

35 minimized. In addition, a duobinary optical signal gen- 
erated according to aspects of the present invention has 
immunity against dispersion of an optical fiber, which is 
determined by extinction ratio and chirp of the NRZ sig- 
nal generated in the light intensity modulator in the NRZ 

40 optical signal generating section 100. Therefore, opti- 
mum extinction ratio and chirp are determined in con- 
sideration of characteristics of the light intensity modu- 
lator. 

[0029] FIGS. 6A to 6C are eye diagrams of an optical 
45 signal transmitted through a single mode optical fiber by 
a duobinary optical transmission apparatus according 
to embodiments of the present invention. In comparison 
with FIGs. 3A to 3C, these eye diagrams have a cleanly 
open appearances not only when the signal has been 
so transmitted zero km (see FIG. 6A) or 160 km (see FIG. 
6B) but also after 240 km (see FIG. 6C), which implies 
that the duobinary optical transmission apparatus ac- 
cording to aspects of the present invention has larger 
immunity against dispersion of an optical fiber than the 
55 conventional duobinary optical transmission apparatus 
discussed above. 

[0030] FIG. 7 is a graph showing a comparison be- 
tween receiver sensitivities with respect to optical fiber 
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lengths (that is ; transmission distance) in the duobinary 
optical transmission apparatus according to embodi- 
ments of the present invention and the conventional du- 
obinary optical transmission apparatus discussed 
above. In FIG. 7, curve X represents the receiver sen- s 
sitivity of the conventional duobinary optical transmis- 
sion apparatus, and curves Y and Z represent the re- 
ceiver sensitivities of the duobinary optical transmission 
apparatus according to embodiments of the present in- 
vention. The extinction ratio is 7.5 dB and the chirp var- io 
iable is +2.3 in curve Y and the extinction ratio is 10 dB 
and the chirp variable is +3.0 in curve Z. As apparent 
from the above description, since the duobinary optical 
transmission apparatus according to embodiments of 
the present invention has a larger immunity against dis- is 2. 
persion of an optical fiber, a lower receiver sensitivity is 
required after transmission of the optical signal in the 
duobinary optical transmission apparatus according to 
embodiments of the present invention than in the con- 
ventional duobinary optical transmission apparatus. 20 
Further in the duobinary optical transmission apparatus 
according to embodiments of the present invention, the 
immunity against dispersion of an optical fiber can be 
changed by adjusting the extinction ratio and chirp var- 
iable of the modulator 25 
[0031] As described above, the duobinary optical 
transmission apparatuses according to the present in- 
vention can generate a duobinary optical signal without 3. 
using an electrical low pass filter. Therefore, the duobi- 
nary optical transmission apparatuses according to the 30 
present invention can reduce the influence on transmis- 
sion characteristics by signal patterns and improve re- 
ceiver sensitivity before transmission. Further, the ap- 
paratuses of the present invention have increased im- 
munity against dispersion of an optical fiber, thereby re- 35 
quiring reduced receiver sensitivity even after transmis- 
sion of the optical signal. Therefore, the duobinary op- 
tical transmission apparatuses according to the present 
invention can increase the transmission distance of an 
optical signal by about two times and has improved price <*o 
competitiveness, in comparison with the conventional 
apparatuses. 

[0032] While the invention has been shown and de- 
scribed with reference to certain preferred embodiments 4. 
thereof, it will be understood by those skilled in the art 4s 
that various changes in form and details may be made 
therein withoul departing from the spirit and scope of the 
invention as defined by the appended claims. 

5. 

50 

Claims 

1. A duobinary optical transmission apparatus com- 
prising: 

55 6. 

a light source (50) arranged to output an optical 
carrier; 



a Non-Return to Zero optical signal generator 
(100) arranged to receive a Non-Return to zero 
electrical signal, to modulate Ihe optical carrier 
into a Non-Return to Zero optical signal accord- 
ing to the Non-Return to Zero electrical signal, 
and to output the Non-Return to Zero optical 
signal; and 

a duobinary optical signal generator (200) ar- 
ranged to receive the precoded Non-Return to 
Zero electrical signal and to modulate the Non- 
Return to Zero optical signal into a duobinary 
optical signal. 

The duobinary optical transmission apparatus as 
claimed in claim 1 , wherein the Non-Return to Zero 
optical signal generator (100) includes: 

a plurality of first modulator driving amplifiers 
(110. 111) that amplify and output the Non-Re- 
turn to Zero electrical signal; and/or 

a light intensity modulator (120) that modulates 
an intensity of the optical carrier according to 
driving signals input from the first modulator 
driving amplifiers (110, 111). 

The duobinary optical transmission apparatus as 
claimed in claim 1 or 2, wherein the duobinary op- 
tical signal generator (200) includes: 

a precoder (210) arranged to encode the Nort- 
Return to Zero electrical signal; 

a plurality of second modulator driving amplifi- 
ers (220, 221) that amplify and output the en- 
coded signal; and/or 

a light phase modulator (230) that modulates a 
phase of the Non-Return to Zero optical signal 
according to driving signals input from the sec- 
ond modulator driving amplifiers (220, 221). 

The duobinary optical transmission apparatus as 
claimed in claim 2 or 3, wherein the light intensity 
modulator (120) is a Mach-Zehnder interference 
type modulator. 

A duobinary optical transmission apparatus as 
claimed in claim 4, wherein the Mach-Zehnder in- 
terference type modulator is a dual armed Z-cut 
Mach-Zehnder interference type light intensity 
modulator (120). 

The duobinary optical transmission apparatus as 
claimed in claim 4, wherein the Mach-Zehnder in- 
terference type modulator is a single armed X-cut 
type Mach-Zehnder interference type light intensity 
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modulators (120). 



7. The duobinary optical transmission apparatus as 
claimed in one of the claims 3 to 6, wherein the light 
phase modulator (230) is a Mach-Zehnder interfer- 5 
ence type modulator. 

8. The duobinary optical transmission apparatus as 
claimed in claim 7, wherein the Mach-Zehnder in- 
terference type modulator is a dual armed Z-cut 
Mach-Zehnder interference type light phase modu- 
lator (21 0). 



1 2. The method as claimed in claim 1 1 , further compris- 
ing the step of outputting the duobinary optical sig- 
nal to an optical fiber. 

13. The method as claimed in claim 1 2, further compris- 
ing the step of changing a dispersion factor of the 
optical fiber by adjusting an extinction ratio and a 
chirp variable of the modulator. 
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9. The duobinary optical transmission apparatus as 
claimed in claim 7, wherein the Mach-Zehnder in- 
terference type modulator is a single armed X-cut 
type Mach-Zehnder interference type light phase 
modulators (210). 

10. The duobinary optical transmission apparatus as 
claimed in one of the claims 1 to 9, wherein the Non- 
Return to Zero electrical signal is generated by a 
pulse pattern generator. 

1 1 . A method for outputting a duobinary optical signal, 25 
comprising the steps of: 

outputting an optical carrier signal; 

receiving a Non-Return to Zero electrical sig- 30 
nal: 

modulating the optical carrier into a Non-Return 
to Zero optical signal according to the Non-Re- 
turn to Zero electrical signal, and to output the 35 
Non-Return to Zero optical signal; and 

modulating, via a modulator, the Non-Return to 
Zero optical signal into a duobinary optical sig- 
nal. 
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(74) Representative: Grtinecker, Kinkeldey, 

Stockmair & Schwanhausser Anwaltssozietat 
Maximilianstrasse 58 
80538 Miinchen (DE) 



(54) Duobinary optical transmission 

(57) A duobinary optical transmission apparatus is 
disclosed using a duobinary optical transmission tech- 
nique. The apparatus has increased immunity against 
dispersion and nonlinearity in high-speed long-distance 
wavelength division multiplexing (WDM) transmission of 
an optical signal, without using an electrical low-pass 
filter. The duobinary optical transmission apparatus in- 



cludes a light source outputting an optical carrier; an 
NRZ optical signal generating section receiving an NRZ 
electrical signal, modulating the optical carrier into an 
NRZ optical signal according to the NRZ electrical sig- 
nal, and outputting the NRZ optical signaJ, and a duob- 
inary optical signal generating section receiving the 
NRZ electrical signal and modulating the NRZ optical 
signal into a duobinary optica} signal. 
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